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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to corrosion de-
tection. More specifically, the invention relates to a meth-
od for detecting and determining corrosion properties,
such as type, location, size, and growth rate in metals
and the like in a corrosive environment using a corrosion
sensing probe. The invention is also capable of distin-
guishing between different types of corrosion such as
uniform corrosion, and localized corrosion, such as pit-
ting, crevice, and stress corrosion cracking.

Description of the Related Art

[0002] It has long been known that various forms of
corrosion exist which result in the destruction of corrod-
ible materials such as piping, tanks and other metal struc-
tures. Two major types of corrosion are uniform and lo-
calized corrosion. Uniform corrosion generally includes
corrosion of large areas of a corrodible material at a
roughly uniform rate. Localized corrosion, such as pitting
or cracking, is generally smaller scale corrosion which is
harder to detect. Localized corrosion occurs initially in a
microscopically small area on a material surface, which
eventually becomes larger and deeper, forming pits or
cracks in the surface. Localized corrosion, particularly
pitting, is hazardous because material is removed in a
concentrated area that is not easily recognized. One of
the most dangerous consequences of pitting corrosion
is a leak in a containment vessel such as a tank or pipe-
line. The leak typically occurs at a pinhole in a wall of a
containment vessel. The majority of the wall will have
adequate thickness to contain the vessels contents.
However, the resulting leak can be especially dangerous
where the contained material is under pressure, at high
temperature, or both.

[0003] Several methods have been known in the art to
detect corrosion of metals. However, these known meth-
ods suffer from various disadvantages such as corruption
by environmental noise, a requirement of tuning for each
application, or an inability to distinguish between different
types of corrosion.

[0004] One known method involves the analysis and
monitoring of electrochemical noise (ECN), or noise gen-
erated by the corrosion process. Various statistical anal-
yses may be performed on these noise signals to distin-
guish corrosion type and corrosion rate in a corroded
article. Examples of this ECN approach are described in
U.S. patent 5,139,627, U.S. patent 5,425,867, and U.S.
patent 6,015,484. There are, however, disadvantages of
this ECN method. Electrochemical noise generated by
localized corrosion is small and difficult to detect. Envi-
ronmental noises from motors, circuit breakers, switches,
and radio frequency generators in or near the corroded
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article may mask or obscure the corrosion noise signal,
resulting in inaccurate ECN readings.

[0005] Another known method involves the use of a
radioactive probe to detect pitting corrosion as described
in U.S. patent 4,412,174. According to this method, a
radioactive probe is placed into a corrosive stream. As
pitting corrosion occurs, pieces of the radioactive probe
break off and enter into the stream. The presence of ra-
dioactive material is detected by a downstream radiation
detector, which allows for the analysis of the probe’s cor-
rosion rate. A disadvantage of this approach is that it
does not have the capability to differentiate between dif-
ferent types of localized corrosion, such as crevice and
pitting.

[0006] Acoustic emissions can also be used to detect
surface corrosion of an insulated pipe. This method is
described in U.S. patent 5,526,689. This approach in-
volves a transmission of acoustic emissions along the
surface of an insulated pipe to locate corroded areas of
the pipe. This approach, however, does not include the
ability to distinguish between different types of corrosion.
[0007] U.S. patent 5,719,503 involves electromagnet-
ic pulse propagation. According to this method, two elec-
tromagnetic sensors are mounted onto a corrodible arti-
cle. Two pulses are sent from these sensors, and anom-
alies are examined at the intersection of the two pulses
to locate areas of corrosion on the article itself. This ap-
proach also does not include the ability to distinguish
between different types of corrosion.

[0008] EP0335470 describes a method and apparatus
for measuring wall erosion and US4539846 describes a
high resolution in situ ultrasonic corrosion monitor.
US5571955 describes an alternative method and appa-
ratus for monitoring stress corrosion cracking using a
pressure transducer.

[0009] A corrosion sensor according to the preamble
of claim 7 is known from US 3 056 284.

[0010] It would be desirable to devise a method for
corrosion detection which is accurate, reliable, and is
able to distinguish among different types of corrosion
such as stress corrosion cracking, uniform corrosion, and
localized corrosion, such as pitting and cracking.
[0011] The presentinvention provides a solution to this
problem. According to the invention, a corrosion sensor
is provided which comprises a metal probe attached to
a transducer element. The metal probe is inserted into a
corrosive environment together with a corrodible article
to be tested. The probe and the corrodible article are
composed of a substantially identical metal material. A
transducer element attached to the probe sends an ul-
trasonic or radio frequency signal through the probe, and
receives any ultrasonic or radio frequency signals which
have been reflected by corroded areas of the probe.
These reflected signals are analyzed to determine the
type, size, location, and growth rate of corrosion condi-
tions in the probe, and thus the corrodible metal article.
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SUMMARY OF THE INVENTION

[0012] The invention provides a method for detecting
corrosion conditions of a corrodible metal article in a cor-
rosive environment which comprises:

a) placing a corrosion sensor into the corrosive en-
vironment, which corrosion sensor comprises:

i) a metal probe comprised of a metal which is
substantially identical to that of the corrodible
metal article and comprising at least one stress
inducing feature; and

ii) a transducer element attached to said probe,
which transducer element is capable of project-
ing and receiving ultrasonic or radio frequency
signals through the probe;

b) projecting ultrasonic or radio frequency signals
from the transducer element through the probe; and
c) receiving reflected ultrasonic or radio frequency
signals with the transducer element, which reflected
ultrasonic or radio frequency signals are reflected by
corroded areas of the probe, and generating an elec-
trical response signal to the reflected ultrasonic or
radio frequency signals, which indicates a stress-
induced corrosion condition of the probe.

[0013] The invention further provides a method for de-
tecting corrosion conditions of a corrodible metal article
in a corrosive environment which comprises:

a) placing a corrosion sensor into the corrosive en-
vironment, which corrosion sensor comprises:

i) a metal probe having an elliptical or circular
cross section, which probe is comprised of a
metal which is substantially identical to that of
the corrodible metal article;

i) a metal crevice ring attached around the
probe; and

iii) a transducer element attached to said probe,
which transducer element is capable of project-
ing and receiving ultrasonic or radio frequency
signals through the probe;

b) projecting ultrasonic or radio frequency signals
from the transducer element through the probe;

c) receiving reflected ultrasonic or radio frequency
signals with the transducer element, which reflected
ultrasonic or radio frequency signals are reflected by
corroded areas of the probe, and generating an elec-
trical response signal to the reflected ultrasonic or
radio frequency signals, which indicates a corrosion
condition of the probe;

d) collecting a series of electrical response signals
with a computer processor electrically connected to
the transducer element; and
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e) determining a corrosion condition of the probe and
the corrodible article from the series of electrical re-
sponse signals.

[0014] The invention still further provides a corrosion
sensor for detecting corrosion conditions of a corrodible
metal article in a corrosive environment, which corrosion
sensor comprises:

a) a metal probe comprised of a metal which is sub-
stantially identical to that of the corrodible metal ar-
ticle to be tested and comprising at least one stress
inducing feature; and

b) a transducer element attached to said probe,
which transducer element is capable of projecting
and receiving ultrasonic or radio frequency signals
through the probe.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015]

FIG. 1 shows a corrosion sensor of the invention
having one external transducer.

FIG. 2 shows a corrosion sensor of the invention
having two external transducers.

FIG. 3 shows a corrosion sensor of the invention
having one internal transducer.

FIG. 4 shows a corrosion sensor of the invention
having two internal transducers.

FIG. 5 shows a side view of a corrosion sensor of
the invention attached to a pipe containing a corro-
sive environment.

FIG. 6 shows a side view of a corrosion sensor of
the invention attached to a wall of a vessel containing
a corrosive environment.

FIG. 7 shows a graphical representation of a reflect-
ed ultrasonic pulse projected through a probe having
corrosion defects.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENT

[0016] The invention provides a method for detecting
corrosion conditions of a corrodible metal article in a cor-
rosive environment.

[0017] A corrosive environment includes any environ-
ment containing a corrosive medium which may cause
corrosion of an object or article exposed to that environ-
ment. Examples of corrosive media nonexclusively in-
clude flowing or non-flowing chemicals including gases
such as air, natural gas, process exhaust fumes, and
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liquids such as acids, bases, organic and inorganic sol-
vents, oils, water, and the like.

[0018] A corrodible metal article includes any object or
article comprising a metal, which is capable of becoming
corroded in a corrosive environment containing a corro-
sive medium as described above. According to the in-
vention, the term "metal" includes any metal, metal alloy,
or combinations of metals and non-metals. Suitable met-
als nonexclusively include iron, steels such as stainless
steel and super alloy steels, copper, zinc, aluminum, ti-
tanium, and alloys and combinations thereof. The cor-
rodible metal article may be in any shape or form. In the
practice of the present invention, such articles are typi-
cally in the form of metal pipes or vessel walls.

[0019] In the practice of the present invention, a cor-
rosion sensor is placed into a corrosive environment. As
shown in FIGS. 1-6, a corrosion sensor 8 of the invention
is a device which comprises a metal probe 2 attached to
a transducer 4. The metal probe 2 may comprise any
metal, metal alloy, or combinations thereof such as those
described above for the corrodible metal article. It is im-
portant that the material of the metal probe 2 is substan-
tially identical to that of the corrodible metal article to be
tested. In a preferred embodiment, the metal probe 2
comprises stainless steel, most preferably stainless steel
304. The metal probe 2 may be in any shape or form,
and may be solid or hollow. Preferably, the metal probe
2 is of a shape having a circular or elliptical cross section.
In a most preferred embodiment, the metal probe 2 is of
a shape having an elliptical cross-section. This shape
serves to induce stress points on the metal probe 2 for
the formation and detection of stress corrosion cracking,
which is described below.

[0020] The probe may optionally include one or more
stress inducing features which serve to induce stress on
the probe, thus providing fixed locations for corrosion for-
mation and detection. Examples of stress inducing fea-
tures may include stress inducing shapes, and stress in-
ducing attachments. A stress inducing shape is a partic-
ular shape or configuration of the metal probe which may
induce stress on probe itself for the formation and detec-
tion of corrosion, particularly stress cracking corrosion.
For example, in one embodiment the probe includes a
bent portion which may induce stress on the probe. In
another embodiment, stress may be induced on a probe
which is of a shape having an elliptical cross section. A
stress inducing attachment includes objects which may
be attached onto or around the probe, which may induce
stress on the probe for the formation and detection of
corrosion. Stress inducing attachments preferably com-
prise substantially the same material as that of the probe.
[0021] The probe may also comprise a metal crevice
ring 6, preferably of the same material as the probe which
is attached around the probe to provide fixed locations
for the formation and detection of crevice corrosion, as
described below.

[0022] According to the invention, a transducer ele-
ment is attached to the metal probe 2. The transducer
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element preferably comprises at least one transducer 4,
4’ as shown in FIGS. 1-6. Suitable transducers nonex-
clusively include piezoelectric transducers, electromag-
netic acoustic transducers (EMAT), magnetorestrictive
transducers, interdigital ultrasonic transducers, and ac-
tive transducers such as millimeter wave transducers.
Piezoelectric transducers are preferred, the most pre-
ferred being angled piezoelectric transducers. Suitable
piezoelectric transducers are commercially available
from Tektrend International of Montreal, Canada. Suita-
ble methods of attaching the transducer elements to the
probe nonexclusively include gluing, welding, soldering,
and the like. The transducer element may be attached
to the metal probe 2 internally or externally, and may be
done in any arrangement and by any suitable means
known in the art which would allow the transducer ele-
ment to be capable of projecting and receiving ultrasonic
or radio frequency signals through the metal probe 2. In
one embodiment of the invention, shown in FIG. 1, the
transducer element comprises one transducer 4 which
is externally attached to a first end of the metal probe 2.
In another embodiment, shown in FIG. 2, the transducer
element comprises two transducers, 4 and 4’, wherein
one is externally attached to a first end of the metal probe
2 and the other is externally attached to a second end of
the metal probe 2. In another embodiment, shown in FIG.
3, the transducer element comprises one transducer 4
which is internally attached to the metal probe 2. In still
another embodiment, shown in FIG. 4, the transducer
element comprises two transducers, 4 and 4’, wherein
both are internally attached to the metal probe.

[0023] In use, the corrosion sensor is placed into a
corrosive environment. This is typically done by attaching
the sensor to the corrodible metal article in the corrosive
environment. This may be done in any suitable manner
which would expose the metal probe to the corrosive en-
vironment, such as by inserting the probe through the
corrosive metal article and into the corrosive environ-
ment, or by flush mounting the sensor to the corrosive
metal article. In one embodiment, shown in FIG. 5, a sen-
sor 8 is attached via a seal 10, through a wall 11 of a
corrodible metal pipe 12, wherein the transducer 4 is on
the outside of the pipe 12, and the metal probe 2 is ex-
posed to a corrosive environment inside the pipe 12. In
another embodiment, shown in FIG. 6, a sensor 8 is at-
tached to a corrodible metal vessel 18 wherein the probe
2 is attached via a seal 10 within a wall 16 of the vessel
18, which vessel 18 contains a corrosive environment.
Various other embodiments can be implemented in the
scope of the present invention.

[0024] At various periods of time, ultrasonic or radio
frequency signals, such as ultrasonic waves, radio
waves, millimeter waves, and the like, are projected from
the transducer element, through the metal probe. The
voltage, frequency, incident angles, length, and other pa-
rameters of these signals may vary depending on the
size of the probe and the type of transducer used, and
may be determined by those skilled in the art. For exam-
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ple, the operating frequency of an ultrasonic transducer
should be chosen to have a wavelength that is compa-
rable in size to the size of the corrosion defect that it
detects. Therefore, corrosion defects such as pitting that
have size in the millimeter or sub millimeter range require
anoperating frequency in the MHz range. As an example,
an ultrasonic transducer may generate an ultrasonic
pulse through a probe, said pulse having a frequency
ranging from about 1 MHz to about 10 MHz, more pref-
erably from about 1.5 MHz to about 8 MHz, and most
preferably from about 2 MHz to about 5 MHz. Radio fre-
quency transducers may generate pulses having fre-
quencies ranging from about 1 gigahertz to about 5 gi-
gahertz. Radio frequency transducers are available from
Prolyx, L.L.C. of San Jose, California.

[0025] If any corrosion areas exist in the metal probe,
the ultrasonic or radio frequency signals sent through the
probe to those areas by the transducer element will be
reflected by the corrosion, and sent back to the transduc-
er element. These reflected ultrasonic or radio frequency
signals, if any, are received by the transducer element,
which then generates an electrical response signal to the
reflected ultrasonic or radio frequency signals, indicating
a corrosion condition of the metal probe. Corrosion con-
ditions include any properties of corroded areas, such as
corrosion size, location, growth rate, and type. Types of
corrosion nonexclusively include stress corrosion crack-
ing, uniform corrosion, and localized corrosion such as
pitting corrosion and crevice corrosion. Stress corrosion
cracking (SCC) is the formation of fine cracks due to the
combined influence of tensile stress and a corrosive me-
dium. Uniform corrosion is generally characterized as an
even thinning of a corrodible article over a large surface
area. Pitting corrosion is a localized form of corrosion by
which small cavities or holes are produced in the corrod-
ible article. Crevice corrosion is a localized form of cor-
rosion typically formed in crevices such as under wash-
ers, gaskets, clamps, and the like.

[0026] Aseriesofsuch electrical response signals may
be collected by a signal data collector which may be elec-
trically connected to the transducer element. In a pre-
ferred embodiment of the invention, the signal data col-
lector includes an ultrasonic testbed including a broad-
band receiver which receives the ultrasonic electrical re-
sponse signals sent from the transducer. These signals
are then sent to a digitizer which changes the response
signals from analog to digital, and displays the signals
on an oscilloscope or graphic processing information dis-
play. Typically, the graphically displayed signals are a
function of echo receive time and amplitude which are
indicative of the distance along the probe and the amount
of corrosion at that distance. These data are useful in
determining various characteristics of the corrosion. A
preferred signal data collector comprises a computer mi-
croprocessor for system operation and control, and for
using corrosion algorithms for calculating type, location,
size, and growth rate of corrosion. This determination of
corrosion conditions can be analyzed to survey the struc-
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tural integrity of corrodible metal articles which are sub-
jected to corrosive environments. The parameters of im-
portance depend on the environment conditions, and are
easily determinable by those skilled in the art.

[0027] The following non-limiting examples serve to il-
lustrate the invention. It will be appreciated that variations
in proportions and alternatives in elements of the com-
ponents of the invention will be apparent to those skilled
inthe art and are within the scope of the presentinvention.

EXAMPLE 1

[0028] A corrosion detector is assembled by externally
bonding a piezoelectric transducer to one end of a metal
probe. The probe is composed of a stainless steel rod
having an elliptical cross section.

[0029] Holes are drilled into the probe to simulate cor-
rosion of the probe. These holes have diameters of 3.2
mm, 1.6 mm and 3.2 mm respectively, and have a depth
of 0.9 mm. Ultrasonic waves are projected from the trans-
ducer through the probe. It is noticed that some of the
ultrasonic waves are reflected from the drilled holes.
These reflected waves are received and collected by the
transducer. The received ultrasonic waves then induce
a voltage in the transducer, which is analyzed by a signal
data collector which is electrically attached to the trans-
ducer. The time for receiving the echo and the intensity
of the reflected sound are graphically illustrated in Fig.
7. This graph shows an initial ultrasonic pulse which is
reflected from the simulated corrosion at the drilled hole
points as well as the back wall of the probe.

EXAMPLE 2

[0030] A corrosion detector is assembled by externally
bonding a piezoelectric transducer to the end of a metal
probe. The probe is composed of a stainless steel rod
having an elliptical cross section. The corrosion detector
is securely placed through an opening in a sidewall of a
stainless steel pipe such that the transducer remains out-
side of the pipe. Natural gas is allowed to flow through
the pipe such that the metal probe is in contact with the
natural gas.

[0031] Ultrasonic waves are projected from the trans-
ducer through the probe. Reflected waves are received
and collected by the transducer. The received ultrasonic
waves then induce a voltage from the transducer, which
is analyzed by a signal data collector which is electrically
attached to the transducer. These analyzed signals are
used to establish a baseline. Ultrasonic waves are then
projected and received in the same manner through the
probe once an hour for 30 days. Reflected ultrasonic sig-
nals are collected and analyzed, and compared to the
baseline in order to estimate the degree of corrosion of
the probe, and hence on the inside wall of the pipe.
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Claims

A method for detecting corrosion conditions of a cor-
rodible metal article in a corrosive environment which
comprises:

a) placing a corrosion sensor (8) into the corro-
sive environment, which corrosion sensor (8)
comprises:

i) a metal probe (2) comprised of a metal
which is substantially identical to that of the
corrodible metal article and comprising at
least one stress inducing feature; and

ii) a transducer element (4) attached to said
probe, which transducer elementis capable
of projecting and receiving ultrasonic or ra-
dio frequency signals through the probe;

b) projecting ultrasonic or radio frequency sig-
nals from the transducer element (4) through the
probe (2); and

c) receiving reflected ultrasonic or radio frequen-
cy signals with the transducer element (4), which
reflected ultrasonic or radio frequency signals
are reflected by corroded areas of the probe (2),
and generating an electrical response signal to
the reflected ultrasonic or radio frequency sig-
nals, which indicates a stress-induced corrosion
condition of the probe.

The method of claim 1, which further comprises col-
lecting a series of electrical response signals with a
signal data collector electrically connected to the
transducer element.

The method of claim 1, which further comprises de-
termining a corrosion condition of the probe and the
corrodible article from the series of electrical re-
sponse signals.

The method of claim 3 wherein the corrosion condi-
tion determined comprises at least one of the size
of corrosion, the location of corrosion, the growth
rate of corrosion, and the type of corrosion of the
probe and the corrodible article.

The method of claim 3 wherein at least one of the
amount of pitting corrosion, uniform corrosion, crev-
ice corrosion, or stress corrosion cracking of the
probe (2) and the corrodible article are determined.

The method for detecting corrosion conditions of a
corrodible metal article in a corrosive environment
according to claim 1 which comprises:

a) placing a corrosion sensor into the corrosive
environment, which corrosion sensor compris-
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7.

10.

es:

i) a metal probe (2) having an elliptical or
circular cross section, which probe is com-
prised of a metal which is substantially iden-
tical to that of the corrodible metal article;
i) a metal crevice ring (6) attached around
the probe; and

i) a transducer element (4) attached to said
probe, which transducer element is capable
of projecting and receiving ultrasonic or ra-
dio frequency signals through the probe;

b) projecting ultrasonic or radio frequency sig-
nals from the transducer element through the
probe (2);

c) receiving reflected ultrasonic or radio frequen-
cy signals with the transducer element (4), which
reflected ultrasonic or radio frequency signals
are reflected by corroded areas of the probe (2),
and generating an electrical response signal to
the reflected ultrasonic or radio frequency sig-
nals, which indicates a corrosion condition of the
probe (2);

d) collecting a series of electrical response sig-
nals with a computer processor electrically con-
nected to the transducer element (4); and

e) determining a corrosion condition of the probe
(2) and the corrodible article from the series of
electrical response signals.

A corrosion sensor (6) for detecting corrosion con-
ditions of a corrodible metal article in a corrosive en-
vironment, which corrosion sensor comprises:

a) a metal probe (2) comprised of a metal which
is substantially identical to that of the corrodible
metal article to be tested; and

b) a transducer element (4) attached to said
probe, which transducer element 2 is capable
of projecting and receiving ultrasonic or radio
frequency signals through the probe;

characterised by said metal probe (2) comprising
at least one stress inducing feature.

The corrosion sensor of claim 7 wherein the probe
(2) has an elliptical or circular cross section.

The corrosion sensor of claim 7 wherein the metal
probe (2) further comprises a metal crevice ring (6)
attached around the probe.

The corrosion sensor of claim 7 further comprising
a signal data collector.
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Patentanspriiche

Verfahren zum Nachweis von Korrosionszustanden
eines korrodierbaren Metallgegenstands in einer
korrosiven Umgebung, das Folgendes umfasst:

a) Platzieren eines Korrosionssensors (8) in die
korrosive Umgebung, wobei der Korrosionssen-
sor (8) Folgendes umfasst:

i) eine Metallsonde (2), die aus einem Metall
besteht, das mit dem des korrodierbaren
Metallgegenstands im Wesentlichen iden-
tisch ist, und mit mindestens einem Span-
nungsinduktionsmerkmal; und

ii) ein Wandlerelement (4), das an der Son-
de befestigt ist, wobei das Wandlerelement
Ultraschall- und Hochfrequenzsignale
durch die Sonde senden und empfangen
kann;

b) Senden von Ultraschall- oder Hochfrequenz-
signalen von dem Wandlerelement (4) durch die
Sonde (2); und

c) Empfangen reflektierter Ultraschall- oder
Hochfrequenzsignale mit dem Wandlerelement
(4), wobei die reflektierten Ultraschall- oder
Hochfrequenzsignale durch korrodierte Berei-
che der Sonde (2) reflektiert werden, und Erzeu-
gen eines elektrischen Antwortsignals auf die
reflektierten Ultraschall- oder Hochfrequenzsi-
gnale, das einen spannungsinduzierten Korro-
sionszustand der Sonde anzeigt.

Verfahren nach Anspruch 1, das weiterhin Sammeln
einer Reihe von elektrischen Antwortsignalen mit ei-
nem Signaldatensammler, der mit dem Wandlerele-
ment elektrisch verbunden ist, umfasst.

Verfahren nach Anspruch 1, das weiterhin Bestim-
men eines Korrosionszustands der Sonde und des
korrodierbaren Gegenstands aus der Reihe von
elektrischen Antwortsignalen umfasst.

Verfahren nach Anspruch 3, wobei der bestimmte
Korrosionszustand das Ausmal der Korrosion und/
oder die Korrosionsstelle und/oder die Korrosions-
wachstumsrate und/oder die Korrosionsart der Son-
de und des korrodierbaren Gegenstands umfasst.

Verfahren nach Anspruch 3, wobei das Ausmalf3 von
Lochkorrosion und/oder gleichmaRiger Korrosion
und/oder Spaltkorrosion und/oder Spannungskorro-
sionsriss der Sonde (2) und des korrodierbaren Ge-
genstands bestimmt werden.

Verfahren zum Nachweis von Korrosionszustéanden
eines korrodierbaren Metallgegenstands in einer
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korrosiven Umgebung nach Anspruch 1, das Fol-
gendes umfasst:

a) Platzieren eines Korrosionssensors in die
korrosive Umgebung, wobei der Korrosionssen-
sor Folgendes umfasst:

i) eine Metallsonde (2) mit einem ellipti-
schen oder kreisférmigen Querschnitt, wo-
bei die Sonde aus einem Metall besteht, das
mit dem des korrodierbaren Metallgegen-
stands im Wesentlichen identisch ist;

ii) einen Metallspaltkorrosionsring (6), der
um die Sonde herum befestigt ist; und

i) ein Wandlerelement (4), das an der Son-
de befestigt ist, wobei das Wandlerelement
Ultraschall- und Hochfrequenzsignale
durch die Sonde senden und empfangen
kann;

b) Senden von Ultraschall- oder Hochfrequenz-
signalen von dem Wandlerelement durch die
Sonde (2);

c) Empfangen reflektierter Ultraschall- oder
Hochfrequenzsignale mit dem Wandlerelement
(4), wobei die reflektierten Ultraschall- oder
Hochfrequenzsignale durch korrodierte Berei-
che der Sonde (2) reflektiert werden, und Erzeu-
gen eines elektrischen Antwortsignals auf die
reflektierten Ultraschall- oder Hochfrequenzsi-
gnale, das einen Korrosionszustand der Sonde
(2) anzeigt;

d) Sammeln einer Reihe von elektrischen Ant-
wortsignalen mit einem Computerprozessor,
der mit dem Wandlerelement (4) elektrisch ver-
bunden ist; und

e) Bestimmen eines Korrosionszustands der
Sonde (2) und des korrodierbaren Gegenstands
aus der Reihe von elektrischen Antwortsigna-
len.

Korrosionssensor (6) zum Nachweis von Korrosi-
onszustdnden eines korrodierbaren Metallgegen-
stands in einer korrosiven Umgebung, wobei der
Korrosionssensor Folgendes umfasst:

a) eine Metallsonde (2), die aus einem Metall
besteht, das mit dem des zu priifenden korro-
dierbaren Metallgegenstands im Wesentlichen
identisch ist; und

b) ein Wandlerelement (4), das an der Sonde
befestigt ist, wobei das Wandlerelement (4) Ul-
traschall- und Hochfrequenzsignale durch die
Sonde senden und empfangen kann;

dadurch gekennzeichnet, dass die Metallsonde
(2) mindestens ein Spannungsinduktionsmerkmal
aufweist.
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Korrosionssensor nach Anspruch 7, wobei die Son-
de (2) einen elliptischen oder einen kreisférmigen
Querschnitt aufweist.

Korrosionssensor nach Anspruch 7, wobei die Me-
tallsonde (2) weiterhin einen Metallspaltkorrosions-
ring (6) umfasst, der um die Sonde herum befestigt
ist.

Korrosionssensor nach Anspruch 7, der weiterhin ei-
nen Signaldatensammler umfasst.

Revendications

1.

Procédé de détection de conditions de corrosion
d’un article métallique corrodable dans un environ-
nement corrosif qui comprend :

a) la mise en place d'un capteur de corrosion
(8) dans I'environnement corrosif, lequel cap-
teur (8) comprend :

i) une sonde métallique (2) constituée d’un
métal qui est essentiellement identique a
celui de l'article métallique corrodable et
comprenant au moins une caractéristique
produisant une contrainte ; et

i) un élément transducteur (4) attaché a la-
dite sonde, lequel élément transducteur est
capable de projeter et de recevoir des si-
gnaux ultrasoniques ou a radiofréquence
par I'intermédiaire de la sonde ;

b) la projection de signaux ultrasoniques ou a
radiofréquence depuis I'élément (4) par l'inter-
médiaire de la sonde (2) ; et

c) la réception de signaux réfléchis ultrasoni-
ques ou a radiofréquence avec I'élément trans-
ducteur (4), lesquels signaux réfléchis ultraso-
niques ou a radiofréquence sont réfléchis par
des endroits corrodés de la sonde (2) et la gé-
nération d’un signal de réponse électrique aux
signaux réfléchis ultrasoniques ou a radiofré-
quence, qui indique une condition de corrosion
de la sonde produite par contrainte.

Procédé selon la revendication 1, qui comprend en
outre la collecte d’'une série de signaux de réponse
électriques avec un collecteur de données de si-
gnaux connecté électriquement a I'élément trans-
ducteur.

Procédé selon la revendication 1, qui comprend en
outre la détermination d’'une condition de corrosion
de la sonde et de l'article corrodable a partir de la
série de signaux de réponse électriques.
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4.

7.

Procédé selon larevendication 3, dans lequel la con-
dition de corrosion déterminée comprend au moins
un des aspects suivants : la taille de la corrosion,
’emplacement de la corrosion, la vitesse de crois-
sance de la corrosion et le type de corrosion de la
sonde et de l'article corrodable.

Procédé selon la revendication 3, dans lequel la
quantité d’au moins une des corrosions suivantes :
corrosion par piqdre, corrosion uniforme, corrosion
dejoints, corrosion fissurante sous tension de la son-
de (2) et de l'article corrodable, est déterminée.

Procédé de détection de conditions de corrosion
d’'un article métallique corrodable dans un environ-
nement corrosif selon la revendication 1 qui
comprend :

a) la mise en place d'un capteur de corrosion
dansI'environnement corrosif, lequel capteur de
corrosion comprend :

i) une sonde métallique (2) ayant une coupe
transversale elliptique ou circulaire, laquel-
le sonde est constituée d’'un métal qui est
essentiellement identique a celui de I'article
métallique corrodable ;

ii) une bague métallique produisant une cor-
rosion de joints (6) attachée autour de la
sonde ; et

i) un élément transducteur (4) attaché a
ladite sonde, lequel élément transducteur
est capable de projeter et de recevoir des
signaux ultrasoniques ou a radiofréquence
par l'intermédiaire de la sonde ;

b) la projection de signaux ultrasoniques ou a
radiofréquence depuis I'élément transducteur
par I'intermédiaire de la sonde (2) ;

c) la réception de signaux réfléchis ultrasoni-
ques ou a radiofréquence avec I'élément trans-
ducteur (4), lesquels signaux réfléchis ultraso-
nigues ou a radiofréquence sont réfléchis par
des endroits corrodés de la sonde (2), et la gé-
nération d’un signal de réponse électrique aux
signaux réfléchis ultrasoniques ou a radiofré-
quence, qui indique une condition de corrosion
de la sonde (2);

d) la collecte d’'une série de signaux de réponse
électriques avec un processeur d’ordinateur
connecté électriquement a I'élément transduc-
teur (4) ; et

e) la détermination d’une condition de corrosion
de la sonde (2) et de I'article corrodable a partir
de la série de signaux de réponse électriques.

Capteur de corrosion (6) pour détecter des condi-
tions de corrosion d’un article métallique corrodable
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dans un environnement corrosif, lequel capteur de
corrosion comprend :

a) une sonde métallique (2) constituée d’'un mé-
tal qui est essentiellement identique a celui de
I'article métallique corrodable a tester ; et

b) un élément transducteur (4) attaché a ladite
sonde, lequel élément transducteur (4) est ca-
pable de projeter et de recevoir des signaux ul-
trasoniques ou a radiofréquence par l'intermé-
diaire de la sonde ;

caractérisé par le fait que ladite sonde métallique
(2) comprend au moins une caractéristique produi-
sant une contrainte.

Capteur de corrosion selon la revendication 7, dans
lequel la sonde (2) a une coupe transversale ellipti-
que ou circulaire.

Capteur de corrosion selon la revendication 7, dans
lequel la sonde métallique (2) comprend en outre
une bague métallique produisant une corrosion de
joints (6) attachée autour de la sonde.

Capteur de corrosion selon la revendication 7, com-
prenant en outre un collecteur de données de si-
gnaux.
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